Introduction: Currently, there are only a small number of comprehensive study results on adherence and acceptance of telemonitoring applications (TMAs) regarding multi-morbid older patients. The ATMoSPHAERE study aimed to develop an information and communication platform for an intersectoral networking of, for example, general practitioners, therapists, social services and the multi-morbid older patient. Methods: The study presented was designed as a longitudinal bicentric intervention study which focused on multimorbid patients aged 65 years using home-based telemedical measurement and input devices. The development and testing of this TMA aimed to optimise patients' health care through intersectoral networking of all treating actors. Quantitative methods of data collection and analysis were used. Results: Patients who completed the study were significantly younger than drop-outs and non-participants. The mental health of study patients significantly improved between the beginning and end of TMA use. The main reason for nonparticipation in the study was the high time expenditure when participating in the study. No perceived (information) benefits for health and insufficient content variety were the main reasons for drop-out. Appropriateness and handling of TMAs must be aligned with the needs of the heterogeneous user group of multi-morbid patients in order to increase acceptance and the added value of TMAs. Telemonitoring hardware should be oriented on functional capabilities of the older target group. Telemonitoring software content requires an individual, disease-specific approach for patients. The TMA should be unobtrusively integrated into usual daily life and be used to an appropriate extent according to the underlying disease in order to avoid stressing patients. With regard to adherence concerning TMAs, it is crucial to provide a contact person who is always available for patients having problems handling TMAs. Health concerns and questions can thus be addressed early, providing a feeling of safety in the care process. Discussion: User acceptance of TMAs is an essential indicator and driver for use and for future implementation efforts in health care. In order to achieve maximum user centricity in development processes, patients must be involved as experts, co-designers and future users, considering their needs and perceptions.
Introduction
Demographic changes due to increasing life expectancy lead to a higher prevalence of chronic diseases and multi-morbidity -the coexistence of multiple diseases. [1] [2] [3] In Germany, the prevalence of multimorbidity is rising with age. 4 Highly prevalent chronic diseases in Germany are cardiovascular diseases, cardiometabolic disorders and respiratory diseases. 5 The resulting higher need for medical care poses major challenges to health-care systems worldwide.
The primary-care sector -mostly in the gatekeeping role -will therefore be particularly strongly affected by these challenges, as the majority of patients aged 65 years treated by a general practitioner (GP) are multi-morbid. 6, 7 Multi-morbid patients have a high level of physical and mental suffering, and it is often difficult and challenging for patients to understand the complexity of their medical conditions, the decisions regarding prioritisation of their health problems and their relevance to treatment. 8, 9 A personal and often long-time relationship between patient and GP fosters holistic management of multi-morbidity. 10 Contextual knowledge of patient-specific living conditions helps GPs to prioritise the treatment of chronic diseases in the care process. However, GPs face challenges and limitations in this care process that impede meeting the multiple health-care needs of multi-morbid patients satisfactorily. Several national and international study results have revealed potential challenges due to existing structures such as fragmented care structures and a lack of communication and cooperation between GPs, specialists and other health professionals, as well as too little individual counselling and treatment time in general practice. [11] [12] [13] [14] Telemedicine as a field of application of eHealth in the medical and nursing care of patients has become increasingly important in recent years. 15 eHealth, especially the use of telemedicine, may have the potential to enhance the efficiency of physicians' activities in patient care processes, reduce their workload, reduce costs and increase the quality of clinical practice and care. 16, 17 Supporting general practices through eHealth technologies may help to prevent over-, under-and misuse of health services. 18 However, the heterogeneous health-care systems and the different national eHealth policies and laws still determine the use of eHealth among GPs. 19 In Germany, the existing discourse on optimising the technological connection of stakeholders in health care has thus far hardly considered user perspectives. 15 Acceptability (appropriateness of an intervention to be performed or received in health care 20 ) and user acceptance (attitude towards a particular situation 21 ) of telemedicine play decisive roles in the implementation of telemedicine applications into the daily routine of health-care providers and patients. 21, 22 Currently, there are only a small number of comprehensive study results on the acceptance of telemedicine applications, 21, 23 especially regarding multi-morbid geriatric patients. 24 The authors of a recent Cochrane review, which included 93 randomised controlled trials (RCT) and focused on telemonitoring of inter alia chronic conditions such as cardiovascular diseases and diabetes, pointed out that evidence on acceptability of telemedicine by patients and health professionals is limited. 25 Various observation, intervention and qualitative studies conducted in primary care and community settings with elderly patients reported a high level of patient satisfaction 26, 27 and acceptance of telemonitoring applications (TMAs). 26, 28 TMA use was rated as simple [29] [30] [31] and showed a reduction in the patients' fear of new technologies, 23 and patients were adherent in the use of home-based telemedical measures. 27 Additionally, patients noted a subjective improvement, more detailed knowledge of their own health, as well as an increasing adherence to the treatment process. 30 Mehrabian et al. concluded that cognitively impaired patients in particular had difficulties in learning how to use telemedical devices. 32 To develop appropriate and manageable equipment for special user groups, it is crucial to involve patients as co-designers, 33, 34 taking into account their preferences and needs. Knowing that contribution to the research is valued by developers and increases the quality of research, patients may feel more empowered, respected and also strengthened and supported regarding their cognitive ability, confidence and positive mood. 33 Challenges have also been described in the existing literature concerning the usability of telemedical devices for patients. 24, 35 Complications in patients seeing or hearing the physician during teleconsultations, as well as a lack of confidence in the telemedicine system, were reported. 36 Older patients were unable to figure out numbers on equipment buttons because of the colour contrast used, 31 which reaffirms the argument that unrestricted sight is essential for using TMAs. 37 Devices for the application of telemedicine software should be aligned with the specific needs of their users and tailored to their specific diseases, for example for people with osteoarthritis, tremor, visual and hearing impairments or even those who are illiterate, in order to exploit the potential of the technologies optimally. 21, 24, 35, 38, 39 Narasimha et al. pointed out in their review of usability studies that the usability of telemedicine applications (e.g. computer or telephone devices) is the main influencing factor for user acceptance. 24 However, the results of these studies could be limited by selection bias, since study patients were selected for study designs.
Aim of the study and research questions
The main aims of the feasibility study 'Autonomy despite multi-morbidity in Saxony through patient empowerment, holistic care for older people with networking of all regional institutions and service providers' (ATMoSPHAERE) were the exploration, development and testing of a technology-based information and communication platform. The focus was on the intersectoral networking of several treating physicians in practices, nurses, therapists and social services, patients with multiple chronic diseases and their caregivers. Furthermore, the usability and acceptance of the platform were analysed. The TMA aimed to be developed as an interoperable, controlled, open, secure, non-medical environment where patients can request home-based assistance and services from regional providers.
The research questions of the present analysis are: (1) How adherent are study patients regarding GPprescribed vital data measurements via telemonitoring devices? (2) What reasons were associated with nonacceptance of the TMA by study patients? (3) What difficulties in the use of telemonitoring hardware and software were reported by study patients?
Methods
The study was conducted between October 2015 and June 2019 and was funded by the German Federal Ministry of Education and Research (funding number 13GW0075F). Patient recruitment started in April 2016, and the last patient was recruited in March 2018. Follow-up data were collected until June 2018.
Study design
The study presented was designed as a longitudinal bicentric intervention study. The study design was approved by the ethics committee at the Technische Universit€ at Dresden (approval number 1012016). We performed the study in the two largest cities in Saxony (Dresden and Leipzig) -each with more than 500,000 inhabitants -to facilitate recruitment and to focus on GP practices with a specific interest in the medical treatment of elderly people.
Recruitment of GPs and study patients
GPs. GPs were partners within a network of accredited academic teaching practices in Dresden and a network of geriatric specialists in Leipzig, respectively. Both were located in urban areas. The recruitment of the GPs was done during project presentation in a network meeting by the project team in which interested GPs were informed about the study and encouraged to participate. GPs who were interested in participating in the study were informed in detail about the study by the project leader and then signed a declaration of consent.
Study patients. GPs informed patients who met the study's inclusion and exclusion criteria ( Table 1) and data protection and handed over detailed written information while patients were at their GP practice. Patients had the opportunity to ask questions and to discuss the study with their GP. To assess the eligibility of study patients, they were also screened by study assistants applying the Geriatric Basic Assessment (GBA), a tool measuring cognition (Mini-Mental State Examination (MMSE) 40 and clock-drawing test 41 ), a tool measuring mobility (Timed Up and Go test (TUG) 42 ) and a tool measuring independence in everyday life activities (Instrumental Activities of Daily Living assessment). 43 After eligibility was confirmed and patients decided to participate, they were consecutively included after signing the consent form for study participation and data storage. Furthermore, they were informed about the possibility of withdrawing from the study at any time -in which case, all patient data would be deleted. Patients who refused to participate ('non-participants') were asked for their reasons for not taking part but could also choose not to answer.
Description of the telemonitoring process
The TMA was provided by the technical project partner Philips Medical Systems GmbH and consisted of the telemonitoring hardware ASUS ZenPad 7.0, Samsung Tab 4, a sphygmomanometer, a pulse oximeter, weighing scales and the telemonitoring software Motiva (Figure 1 ). Study assistants collected sociodemographic and health data (see Data Collection and Measures) and entered these into the telemedicine platform ATMoSPHAERE (www.atmosphaere.org), which served as an exchange base between health professionals. Data were then transferred to the Care Coordination Centre (CCC) at the German Red Cross (GRC) and to Motiva, a parallel telemedicine health platform providing data exchange between study patients and care and case managers (CCM). After receiving new patient-related data in Motiva, a GRC technician was sent to install the TMA in patients' homes (t 0 ). Study patients were instructed in detail by the technician and performed the first use in his presence. After patients confirmed that they understood how to use the application, the projectspecific care with the TMA started. From then on, study patients were provided with disease-specific care plans (e.g. health questionnaires and educational videos) via Motiva. After patient feedback, the platform was thoroughly upgraded during the study by, for example, recipe ideas for people with diabetes or hypertension, exercises for memory training and local event information.
According to the treatment recommendations of participating GPs, patients measured their vital signs, blood pressure (BP), heart frequency (HF), blood oxygen saturation (SpO 2 ) and body weight (BWT) via measuring devices and answered health questionnaires on the tablet. The frequency of vital sign measurements were individually determined by GPs for each patient (once weekly, two to six times per week or daily). Vital data were transferred from measuring devices to the tablet and to the CCM at GRC, where staff constantly monitored patients during working hours and critically assessed data for intervention if necessary. In cases where limit values were exceeded, targeted control questionnaires were sent to the patient immediately after the measurement was evaluated, and the responsible CCM contacted the patient first by telephone and, if necessary, subsequently provided immediate information to the treating GP, for example for acute intervention and/or prescription of medication or therapy.
After a period of 32 months, data collection ended, and the telemedical equipment was returned to the technical project partner Philips.
Data collection and measures
The collection of sociodemographic and health data of study patients was computer based and took place at both study sites from April 2016 to June 2018. The study centre in Dresden was responsible for data maintenance. At the first face-to-face meeting after patient inclusion, the following data about the study patients were collected by study assistants while patients were at their GP practices: sex, age, marital status, current diagnoses according to ICD-10 and current vital signs (BP, HF, SpO 2 and BWT). Data on school education level were collected during the first telephone interview with study patients within one week after the face-to-face meeting. The GBA was repeated after a participation time of six months (t 1 ), 12 months (t 2 ), 18 months (t 3 ) and two years (t 4 ) to monitor the health status of participants and to ensure primary health care as well as to explore factors necessary for improvement of project-specific health care.
To examine changes of symptoms of late-life depression, patients' health-related quality of life (QoL) and feeling of empowerment between t 0 (baseline, installation of TMA), t 1 (after six months with TMA) and t 2 (after 12 months with TMA), study patients were interviewed by telephone using validated questionnaires (Geriatric Depression Scale (GDS), 44 the 12-Item Short Form Health Survey (SF-12) 45 and the Empowerment Scale (ES) 46 ). The GDS consists of 15 questions whose sum score differentiates depressive and non-depressive individuals. The simple dichotomous response format also enables patients with mild cognitive impairment to be screened with the GDS. Research on screening performance in the elderly revealed that the use of the GDS allows appropriate screening of very old individuals and reliable detection of major depression. 47 The SF-12 questionnaire includes 12 questions and covers eight dimensions (physical function, role physical, role emotional, bodily pain, vitality, social function, general health and mental health) using a Likert scale. The physical and mental component summary scales (PCS and MCS) represent the physical and mental health status of patients. Low scores indicate a worse health-related QoL and high scores a better health-related QoL. 48 The ES consists of 28 questions and seven factors describing the construct 'empowerment': self-efficacy, powerlessness, self-esteem, effecting change, optimism/control over future, righteous anger and group/community action. Patients can respond using a four-level Likert scale. The higher the summary score, the higher the patient's feeling of empowerment. 46 The collection of measured vital data was used as a database for the evaluation of adherence of study patients regarding GP-prescribed data measurements of vital signs. These were collected longitudinally and continuously from the beginning to the end of the telemedicine installation in patients' homes. After completion of data collection, it was compared to the individual prescriptions by GPs. Philips was responsible for the storage of the measurement data; evaluation of these data was carried out by the study centre in Dresden.
Non-acceptance of the TMA by study patients was defined by drop-out (withdrawal from the study) and non-participation (refusing the study before consent). Possible reasons for drop-out were collected through computer-based telephone interviews or in a faceto-face meeting at the GP practice. Furthermore, all patients who were screened and included in the study but who decided to withdraw or not to participate were asked whether they were willing to discuss voluntarily the reasons for dropping out or non-participation with us. After exploring patient-specific reasons for non-acceptance of the TMA, categories were derived inductively from the explored reasons based on the statements of drop-outs and non-participants.
To evaluate challenges using the TMA, a selfdeveloped questionnaire was applied during computerbased telephone interviews with study patients after 12 months of study participation (t 2 ).
Data analyses
Statistical analysis was performed using the statistical software IBM SPSS Statistics for Windows v25.0 (IBM Corp., Armonk, NY) and Stata v13 (StataCorp, College Station, TX). The statistical significance level a was defined as 5% in all analyses. Sociodemographic data of all study patients, reasons for non-acceptance (drop-out or non-participation) and challenges in the use of the TMA were checked for plausibility and analysed descriptively by using frequency analyses for the selected samples. Independent-sample t-tests were used to explore significant differences between subgroups statistically. Data on measurements/transfer of vital data were analysed descriptively regarding their frequencies. Additionally, we modelled adherence, defined as the observed deviation between actual measurement frequencies and the prescribed measurement frequency per patient, by means of a difference score as:
Values of zero indicated perfect adherence, while positive/negative values indicated over/under-measurement by patients. Analysis of patient-specific adherence has to account for the nested structure of the adherence data (measurements i nested in patients j), along with differences in the number of weeks that patients participated in the study (patient-specific sample size of measurements n ij ) and the different schedules of measurements (daily, two to six days per week or weekly). Hence, we used a linear multilevel regression model to account for all the sources of variation in the adherence data simultaneously. We estimated three separate models for the vital data (HF/BP, SpO 2 and BWT) to test whether patients adhered to their prescribed schedule. Despite the rather small number of patients involved in the study, this approach has the benefit of using all the available measurement data across 52 weeks (see Table 5 ), and it allows for the control of the patientspecific differences in the number of measurements n ij by giving less weight to data from patients with fewer observations. 49 Patients who had only one or two measurements or none at all were defined as 'non-measurers (0-2 measurements)' and were dropped prior to the analysis of adherence data. Longitudinal data regarding late-life depression, health-related QoL and empowerment of all patients surveyed were analysed using analysis of variance with repeated measurements and nonparametric tests with stratification using the Friedman test. Health-related QoL was measured by the validated instrument SF-12 and its PCS and MCS scores.
These sum scales were analysed for statistical significance using paired-sample Wilcoxon signed-rank tests.
Results

Sample description
Participating general practices. A convenience sample of nine GPs were recruited to participate in the project: three in Dresden from a network of accredited academic teaching practices and six in Leipzig from a network of geriatric specialists.
Study patients, drop-outs and non-participating patients.
In total, 257 patients were screened for possible participation at both study sites by performing the GBA (Figure 2 ). Of the 257 screened patients, 177 (68.9%) were finally included in the study (Dresden n ¼ 135, Leipzig n ¼ 42) based on the inclusion criteria. Overall, 116 (65.5%) of the study patients were actively involved in the study and the home-based TMA. Of these participants, 34.5% (n ¼ 61) decided to withdraw before the end of the study (drop-outs). Additionally, seven (4.0%) patients died during the study period. A total of 80 (31.1%) patients screened for study inclusion refused to participate in the study (non-participants).
Sociodemographic data are summarised for all patients assessed as eligible and included in the study ( Table 2 ). The mean age of all included patients was 79.6 years (standard deviation (SD) ¼ 5.6). Patients who completed the study were significantly younger than drop-outs (p ¼ 0.004) and non-participants (p ¼ 0.001). Information on school education level could only be obtained from 150 patients during the first telephone interview after installation of the TMA because 20 (32.8%) study patients had already withdrawn from the study at this time, and four (6.5%) study patients refused to provide information about their school education level.
Of all participating patients, 66.7% (118/177) were diagnosed with two to nine chronic diseases, 22.0% (39/177) had 10-19, 8.5% (15/177) had 20-29 and 2.8% (5/177) were diagnosed with more than 30 chronic diseases. The most prevalent chronic conditions in our study cohort were essential hypertension (75.1%; 133/177), disorders of lipoprotein metabolism and other lipidaemias (38.4%; 68/177) and type 2 diabetes mellitus (31.6%; 56/177; Table 3 ).
Extent of change in late-life depression, health-related QoL and empowerment. During the study and use of TMA, patients were longitudinally screened with validated questionnaires at t 0 (enrolment/installation of TMA), t 1 (after six months) and t 2 (after 12 months) for clinical symptoms of late-life depression, 44 health-related QoL 48 and the feeling of empowerment in old age 46 (Table 4 ).
Mean rank values of late-life depression and empowerment remained almost constant throughout the study between t 0 , t 1 and t 2 . Also the mean rank of the physical component score showed no statistically significant changes during the study. Changes in MCS scores were statistically significant between t 0 and t 1 (p ¼ 0.01) and between t 0 and t 2 (p ¼ 0.008). According to the German Norming Sample, 48 the arithmetic mean for both sexes at the age of 70 years is 41.69 (SD ¼ 12.1) for the PCS score and 52.44 (SD ¼ 9.9) for the MCS score. Both PCS and MCS results differed from the norm in our cohort, with slightly higher scores, indicating that our study patients had slightly better physical and mental health. Regarding our results, it can be assumed that the mental health of patients improved between the beginning and the end of TMA use.
Adherence of patients with the TMA used
After inclusion, study patients were equipped with a tablet to use the Motiva software and to measure vital data. Vital data measurements were saved and transferred via Bluetooth to the CCC for screening and determination of the necessity for intervention in case of limits being exceeded (Table 5 ).
In order to monitor chronic diseases, GPs used the ATMoSPHAERE platform to monitor the vital signs of patients participating in the study. The focus of the analysis was whether participants adhered to the measuring schedules as prescribed by the GPs. The first set of models investigated the adherence ij of BP/HF, SpO 2 and BWT measurements of patient j across the 52 study weeks via a linear multilevel regression model without any sociodemographic information. The analysis of deviations in BP/HF measuring frequency revealed that patients who had to perform measures on a weekly basis did so less often than ordered by GPs. In contrast, patients who had to measure their BP/ HF more than once a week or daily performed measurements more often than prescribed by the GP. Patients performed on average 2.2 more measurements of BP/HF per week when they had been asked to send data daily, and patients who were asked to measure BP/HF two to six days per week sent an average of 5.0 additional measurements per week (see Figure A1 in the Appendix). There are no significant differences in the results depending on whether drop-outs were included or excluded in the analysis. Measurement patterns of SpO 2 revealed that only patients with daily Dizziness and giddiness 23 (13) target measurements tended to surpass their prescribed measurement schedule by an average of 2.2 (including drop-outs) to 2.4 measurements (without drop-outs) per week. Finally, the models were analysed with additional sociodemographic information about participants for all three groups of measurement frequencies with and without drop-outs to examine the influence of age, sex, marital status and level of school education on patient adherence (see Figure 3 ). As shown, only the prescribed measurement schedules are able to explain the observed level of adherence. There are no significant differences between the sociodemographic characteristics of study patients and their adherence with the TMA used.
Reasons for non-acceptance of the TMA by patients
Non-participants. Patients who were eligible for study participation but who decided not to participate were described as non-participants. The majority of nonparticipants (97.5%; 78/80) were voluntarily willing to explain what led to their decision in an individual interview. The following categories were derived inductively from the concerns stated by non-participants: investing too much time when participating in the study (38.5%; 30/78); no interest in/no need for telemonitoring (35.9%; 28/78); being too challenged by the use of new and unfamiliar technical devices (17.9%; 14/78); the need to change their daily routines due to study participation (14.1%; 11/78); and feeling of a loss of privacy and surveillance if electronic devices were installed in their private homes (14.1%; 11/78).
Drop-outs. Participants who initially consented to participate in the study but who withdrew from the study during its course are referred to as drop-outs. There was a drop-out rate of 34.5% (61/177). Of these, 20 (32.8%) participants withdrew their consent prior to installation of the TMA, and 41 (67.2%) participants withdrew after installation of the TMA. From the total cohort of drop-outs, 88.5% (54/61) of patients gave reasons for dropping out, and seven (11.5%) patients died during the study. The following categories were derived inductively from the explored patient-specific reasons (Figure 4 ): no perceived (information) benefits for health/insufficient content variety; no interest in/no need for telemonitoring; investing too much time participating in the study; insufficient user-friendliness of hardware (tablet); insufficient user-friendliness of software (Motiva); being stressed by the demands of using technical devices; changes in daily routine too substantial due to study participation; and feeling a loss of privacy and surveillance through installation of electronic devices. The most mentioned reasons for dropping out after installation of the TMA were no perceived (information) benefits and the insufficient content variety (46.3%; 19/41), as well as the lack of interest in/need for telemonitoring (43.9%; 18/41) . In contrast, only 30% (6/20) complained about missing (information) benefits and insufficient content variety before installation of the TMA. It was also striking that more patients considered the changes in daily routine due to study participation to be too substantial before installation of the TMA (45%; 9/20) than after installation (17.1%; 7/41). A similar picture can be seen regarding the feeling of loss of privacy and surveillance: 15% (3/20) stated this as a reason for withdrawing before installation of the TMA compared to only 7.3% (3/41) after installation. Being stressed by the demands of using technical devices was mentioned by 35% (7/20) of study patients before installation of the TMA but only by 19.5% (n ¼ 8/41) after installation. A total of 40% (8/20) of patients feared that they would invest too much time participating in the study before installation, but only 29.3% (12/41) mentioned this as a reason for dropping out after installation of the TMA. Nearly the same number of patients complained about the insufficient user-friendliness of the hardware (22%; 9/41) and software (19.5%; 8/41).
Patient-reported challenges using the TMA Hardware (tablet). Study patients reported two major issues they faced in using the telemonitoring hardware: difficulties operating the on/off button on the tablet and low touch sensitivity were reported as usage barriers of the devices by 11.5% (13/113) of all interviewed study patients. Malfunctions of the devices (e.g. recurring flight mode setting) hindered 5.3% (6/113) of study patients from working with the tablet.
Software (Motiva). Of all interviewed patients, 23% (26/ 113) reported that applied health-related questionnaires were too undifferentiated and untailored regarding their chronic diseases. Missing or untailored feedback regarding sent vital data or answered questionnaires and the lack of a dialogue option were complained about by 5.3% (6/113) of patients. Software icon and font sizes being too small were criticisms by 3.5% (4/113) of study patients. Just as many patients (3.5%; 4/113) reported other problems, which included complaints about inaccurate measurements in contrast to their own home vital data measurement systems and the unclearly structured user interface.
Internet connection. Internet availability was necessary to ensure the transmission of, for example, vital signs and questionnaire results from patients' tablets to the CCC, thus ensuring project-specific monitoring. A slow or missing Internet connection was reported by 23% (26/113) of interviewed study patients.
Discussion
Summary and discussion of main findings
The results of our study make an important contribution to the implementation research of telemonitoring applications in multi-morbid patients aged 65 years. We have uncovered aspects that limit the usability of telemedical hardware and software, and presented patient-related motives that reduce the acceptance of TMAs. Furthermore, we were able to achieve results demonstrating heterogeneous adherence behaviour of study patients regarding the GP-prescribed regime and TMA use.
Our study findings revealed a significant difference regarding the age of study patients, with an average age of 78.8 years (SD ¼ 5.3), between non-participants (p ¼ 0.001) and study patients who dropped out (p ¼ 0.004).
One third (34.5%) of the study patients withdrew from the study prematurely ('drop-outs'). According to our results of drop-out reasons, a large proportion of patients who left the study after the home-based installation of the TMA did not perceive (information) benefits for health and thought there was insufficient content variety in the use of TMA, as well as having no interest in or need for telemonitoring. In a systematic review, Gorst et al. 50 analysed studies focusing on patients' acceptance or perceptions of telehealth, included participants with chronic diseases with a mean age of 68 years, and reported an average dropout rate of 20%. The main drop-out reasons were the unwillingness of participants to use telehealth devices, deterioration of health conditions and technical problems. These reasons differ from our main findings. However, our study patients also reported technical problems related to telemonitoring hardware and quality of the Internet connection. Intervention study results which were published by Domingo et al. 51 showed a drop-out rate of 32.9%, which concurs with our study findings. In their research paper, they described an application similar to our TMA and focused on feasibility, acceptance, satisfaction and behavioural changes for people suffering from heart failure with a mean age of 67 years. About 8% of patients in the study reported by Domingo et al. withdrew after consent and before installation of the TMA in patients' homes. In contrast, our results showed a much higher rate for this target group (32.8%). The main reasons for drop-out reported by Domingo et al. were patient reluctance to use the system and incidents related to telemonitoring equipment, including lack of Internet coverage.
Out of all patients screened as eligible, 31.1% refused participation in our study ('non-participation'), which corresponds to the results of other studies. 50, 51 The most mentioned reasons for non-participation in our study were concerns about investing too much time participating in the study and having no interest/need for telemonitoring, which also confirms reported reasons in the studies by Gorst et al. and Domingo et al. cited above. Domingo et al. described the inability to carry out telemonitoring at home as another reason, which was also partly reported by our patients. Subramanian et al. 52 conducted research on a homebased telemedicine intervention. In accordance with our study findings, the authors revealed reasons for non-participation as the lack of the perceived benefits of TMAs and the fear of being stressed by the technical application. Several research findings also indicated a higher likelihood of non-participation by older people due to the stress caused by technology, lower affinity with technology 39, 51, 53 or anxiety using technology. 54, 55 In a cross-sectional study, Foster et al. also disclosed reasons for study refusal which were related to technology: time and interest. 37 Comparing non-participants to drop-outs, it can be seen that concern or experience of changing daily routines due to study participation was stated by 14.1% of non-participants but by 45% of drop-outs. A similar pattern can be seen between both groups regarding concern or experience of being stressed by the demands of using technical devices (19.9% and 35%, respectively). It can be concluded that patients' habits in their daily routines were restricted decisively due to the obligation to provide regular measurements at fixed times as well as dealing with the technical devices. Patients may be annoyed by technology dominating their everyday lives. Advancing technology to non-contact and indirect measurement of vital data may be a way to maintain patients' daily routines and habits while still being monitored and feeling safe.
The mental health of study patients significantly improved between the beginning and end of TMA use (p ¼ 0.008). Patients may have felt more comfortable with the closely focused care and empowered in managing their own health or even being involved in a study. In line with this, Rahimpour et al. 55 reported findings from focus group interviews with patients suffering from chronic diseases. They rated a home telemedicine system and reported benefits for patients such as improved peace of mind and empowerment to participate in their own health management. Lee et al. 56 published results from semi-structured interviews with diabetics using telehealth for disease management. Patients appreciated the continuity of monitoring and care which increased the feeling of security and comfort. This need for security and comfort regarding patients' own health status may also have had an impact on patient measurement behaviour: study patients who had to measure vital data once per week were less adherent and measured on average fewer vital data than prescribed by their GPs. In contrast, daily measurers of all measuring types (BP/HF, SpO 2 , BWT) on average exceeded their prescribed measuring frequency of vital data. It can be assumed that only the target group that was supposed to take daily measurements tends to perform their measurements more often than intended. An over-measurement of vital data, however, holds the risk of oversupply regarding vital data measurements. It can also increase patients' uncertainty about their own health -uncertainty which would not exist without the use of the TMA. This aspect was also described by Sanders et al., who reported results from the Whole System Demonstrator programme, a large RCT of telehealth and telecare, including patients with a mean age of 71 years suffering from chronic diseases. 39 Moreover, difficulties with Internet connectivity and failed transmissions of vital data may also have led to over-measurement. Recurring difficulties in the quality of the Internet connection and technical problems in the use of telemedical hardware are also well described in the existing literature. 50, 55, 57, 58 A slow or missing Internet connection was criticised by more than a quarter of our study patients as being the main problem in handling telemedical hardware and indicates that broadband availability is still a persistent problem in Germany. Results of an empirical study with geriatric patients 59 are consistent with these findings: study patients were concerned about the quality of the Internet connection whilst using telemedicine devices due to a low-speed broadband connection. Although broadband availability in Germany is increasing, it is still not sufficient in all regions of the country. 60 Related to the Motiva software, our study patients perceived that the questionnaires offered on the tablet were too undifferentiated and untailored, which hampered software handling. Moreover, they missed dialogue options with their CCMs and/or GPs to receive a timely response to questions. This indicates that content-related offers on the tablet must be adapted to the target group in order to generate added value and variety of content. The need for a tailored design targeting users has also been disclosed in the existing literature. 17 The multi-morbid participants included in the study presented co-morbidities in line with data by the German Health Report 2015 61 and findings of a project on patients with multi-morbidity and polypharmacy 62 regarding top 10 long-term diagnoses in primary care. There was 80% accordance regarding common long-term diagnoses between these studies and our patient cohort.
Recommendations based on our results
Before starting any TMA development process, a detailed preliminary analysis of the cohort and involvement of appropriate patients is required to tailor the TMA to the specific patient group. Future telemonitoring projects need to consider and address challenges we revealed in this study in order to provide multi-morbid older patients with the greatest possible comfort in handling telemedical devices. In order to achieve maximum user centricity, the development process as well as patients' views and attitudes must be continuously evaluated by the target group. In this sense, patients must be involved as experts, co-designers and future users to consider their needs and perceptions. Existing problems such as low user friendliness of hardware and software that impede an optimal use of the TMA can thus be targeted and eliminated more quickly. Even patients with mild cognitive impairments can benefit from participating in the TMA development process by being appreciated for their contribution, which strengthens their confidence and empowerment, stabilises cognitive abilities and positively shapes their illness experience, 33, 34 and by pointing out needs which should be especially considered for this target group.
Our findings revealed that acceptance of telemonitoring in the population presented here would have improved by a dialogue option permitting communication between patients and their GPs and/or their CCMs via the tablet. For safe and easy handling of telemonitoring hardware and software, patients need an easily accessible personal contact ('hotline') who can assist with questions concerning the technical or content handling. To avoid stressing patients with technology, TMAs should be unobtrusively integrated into the usual daily routine of patients and be used to an appropriate degree. 63 In this sense, we recommend theorybased and practice-oriented days of introduction in order to increase technology-specific knowledge and technical competence. Thus, concerns about the use of telemedicine devices can be addressed early on and the motivation and self-confidence in the patients' own abilities strengthened. Easy handling of the telemonitoring measures and input devices seems to be just as important for better patient-related acceptance as tailored content variety in the software. Integrated questionnaires assessing patients' health status, some of which should be answered on a daily basis, need to be tailored to disease-specific conditions in order to ensure more targeted care for the multi-morbid patient group. It is important to consider patients who need specific information about their diseases, recommendations and support, for example through social services, because they are not able to handle everyday activities by themselves. Patients who consider themselves -in spite of their existing multi-morbidity -as still being too active and independent in daily life must also be taken into account. In order to guarantee these patients improved health care by means of accompanying telemonitoring, the perceived added value and benefit for their own healthcare needs is essential 64 and provides strong evidence regarding efficacy of the TMA for this patient group. Contents such as health prevention and activation should be considered when developing needs-tailored and varied software. Offers with food recipes for specific diseases, memory training features or current local event information are valuable and helpful additive software content. Our findings and recommendations will help future implementation processes to increase acceptance of TMAs by multi-morbid older patients and to design TMAs in a tailored and sustainable manner.
Implications for future telemedicine implementation efforts
The present study contributes to the field of telemedicine research with important findings on adherence and acceptance of a TMA by multi-morbid older patients that should be considered in future applications of telemonitoring. User acceptance of TMAs is an essential indicator and driver for the use and implementation efforts in standard health care. Future research should focus further on the usability of TMAs and user acceptance. In these terms, it should be considered that the acceptance of TMAs by professional users, for example GPs, CCMs and study assistants, is also highly relevant.
Limitations and strengths
The sample size represents a convenience sample and claims no representability. Selection bias could exist, as GPs were selected from a network of accredited academic teaching practices, and patients who were found to be eligible for participation were selected by study GPs but could also refuse study participation. The telephone survey with study patients was carried out as a panel survey, a repeated examination of a random sample. The advantage of such a survey type is the cost and time efficiency, which has been confirmed in the period of this data collection. Another benefit is the reduction of possible scepticism of patients through repetitive interview waves and familiar interviewers. However, a panel survey also has the difficulty that study subjects may be affected by repetition of questions in their response behaviour (response bias), which may ultimately affect the informative value of the data collection. 65 Moreover, it is possible that social desirability bias occurred during telephone interviews. Also, people may have behaved differently because they knew that they were participating in a study and were under observation (Hawthorne effect). To avoid such effects and to measure the effectiveness of telemedicine interventions as well as to clarify causalities in future telemedicine studies, a controlled study design is recommended which was not applied in the present study. The partly difficult study conditions (technical equipment and insufficient Internet quality) may have caused patients to drop out who would otherwise have continued participation under better conditions. However, these conditions reflect realistic challenges in the use of TMAs in the daily care of patients.
